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The main objective of this research is to develop multiscale modeling techniques and simulation
toolkits for studying colloidal nanoparticle interactions. We have studied: (1) inter-particle
mechanisms and their corresponding numerical models for colloids, (2) stochastic nature of
Brownian dynamics and its integration with a deterministic discrete element method, and (3)
associated microscopic mechanisms and controlling factors of colloidal processes in the
laboratory.

Surface forces dominate the colloidal particle interactions at the microscopic scale.  For colloids,
the inter-particle forces can be classified into the long-ranged, short-ranged and
very-short-ranged interaction forces. In this study, we have investigated the theories for these
interaction forces and implemented the corresponding numerical models in an object-oriented
discrete element analysis software program. Additionally, the effects of collisions with solvent
molecules have been studied. The stochastic nature of collisions has been incorporated through
the machinery of Brownian dynamics. Integrating Brownian dynamics with a discrete element
simulation improves the predictive abilities for colloidal particle dynamics. We have conducted
two technologically important case studies. The first case is to investigate packing structures of
photonic bandgap crystals and the second case is to study synthesis of bimodal core/shell
structures. Through these case studies, the associated microscopic mechanisms and controlling
factors during colloidal processes have been investigated.
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Characteristic Force Functional Form Symbol Explanation
. r :theradius of the particles
Flectrical force f ( r h’ €80, C) h : the surface-to-surface distance
Eq. (3) ¢ :thedielectric constant
& : the permitivity of vacuum
¢ :the zeta potential
. r :theradius of the particles
van der Waals aftractive f (r N, AH ) h : the surface to surface distance
force Eq. (2) Ay: the Hamaker constant
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¥ : the veloci ty of the particle
w 3 r :theradius of the particle
Buoyancy force Ry =—~(4/3)r°p, § o : the density of the flow media
5 : the gravity force
. v 3 r :theradius of the particle
Gravitational force F, = —(4/3)r ppg p, - the density of the particle

5 : the gravity force
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